Abstract. The effect of excessive intermetallic growth to the reliability of solder joints become major problem in electronic assemblies industry. In this investigation, we used Sn-0.7Cu/1.0-Si3N4 composite solder to analyze its interfacial joint on Cu substrate. Various isothermal of aging times were carried in this study by using 24hrs, 240hrs, 480hrs, 600hrs and 720hrs at 150°C of aging temperature. The Cu-Sn IMC thickness was increase with increasing aging time and the diffusion coefficient of this composite solder is 1.16x10 -16 m 2 /s.
Introduction
Nowadays, development new solders to replace Sn-Pb solders have been widely investigated by another researcher [1] [2] [3] . But, the reliability potential of those solder does not achieve the Sn-Pb solder performance [2] . One of the major issues in electronic packaging is excessive growth of intermetallic compound (IMCs) at solder/substrate interface which may degrade the mechanical properties of solder joints [3] . Hu and Wang et. al stated that the suitable thickness of IMCs; is about 5-7µm for Cu 6 Sn 5 which will give high interconnections strength and excellent reliability solder performance [1, 3] .
Concerns about the ban legislation Sn-Pb solders that caused potential hazards and excessive grows of intermetallic formation (IMCs) will affect the reliability of solder; our investigation is due to these major issue in electronic packaging [1] [2] [3] [4] [5] . According to these issues, our studies used new lead-free composite solder, Sn-0.7Cu/Si 3 N 4 [5] and will aged at high temperature to observe the IMC formation after aging process. Thus, the growth of IMCs will inevitably but knowing the ways to slower the IMCs grows formation is very important [1] .
Experimental procedures
The fabricated solder disc used in this experiment is Sn-0.7Cu/1.0-Si 3 N 4 composite with 12mm in diameter and 1mm in thickness. The fabrication of this lead-free composite solder is by using powder metallurgy method. Printed circuit board used was FR4 with 38µm in Cu thickness as substrate and 15mm x 15mm for its area size. Both solder and substrate were reflowed to join each other by using reflow oven. Paste flux was used to remove oxide layer. Reflow process was done at 260°C in 30s and the reflowed samples were cooled to room temperature.
Isothermal aging process done in an oven at 150°C with 5 various time, 24hrs, 240hrs, 480hrs, 600hrs and 720hrs. The intermetallic formations of aged samples were studied after grinding, polished and etched by using colloidal silica suspension (OP-S). Analyzing the IMC formation on solder/substrate was performed using optical microscope and for thickness measurement by using Image-J analyzer software. Figure 1 shows cross section micrograph of IMC by using optical microscope for Sn-0.7Cu-1.0-Si 3 N 4 /Cu after isothermal aging in 150°C for 24hrs, 240hrs, 480hrs, 600hrs and 720hrs respectively. In this experiment, the initial thickness of IMC after reflow soldering is 0.9µm. From the observation, we obtained that the morphology change of IMC and the increasing in its thickness after isothermal aging may proven that the interfacial reaction between Sn and Cu continuously occurs during isothermal aging [1] . This is in conjunction with another researcher's investigation where the growth of IMC increases with increasing in aging time and temperature [1] [2] [3] [4] [5] [6] . According to the result above, it is interesting that the growth of IMC for this composite solder grows more slowly for 480hrs to 720hrs as seen in Table 1 . From this, the growth of Cu-Sn IMC in this studied is due to diffusion of Cu and Sn during isothermal aging [1, 3, 6] . This statement is follows the linear relationship with square root of aging time and can be described in equation below [1, 3, 6] ;
Result and discussion
Y = Y 0 + D½t(1)
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where Y is the IMC thickness, D is growth kinetic in term of diffusion coefficient and t is aging time. From the result in graphically analysis in Figure 2 , the diffusion coefficient for this solder is 1.16x10 -16 m 2 /s.
Fig. 2 : Graph of thickness of IMCs as function of the aging time
From Hu and Wang et. al, the IMC growth is depends on interdiffusion coefficient between Cu and Sn atoms which is come from Cu matrix interface and solder bulk [1, 3] . According to the investigation of properties for this new composite solder, Sn-0.7Cu-1.0 Si 3 N 4 , the present of Si 3 N 4 in bulk solder is believed had slower the diffusion of Cu and Sn, subsequently may slower the CuSn IMC growth formation during isothermal aging [5] .
Conclusion
According to this study, the growth kinetics of Cu-Sn IMC thickness after isothermal aging on Cu substrate by using lead-free composite solder Sn-0.7Cu-1.0 Si 3 N 4 was determined. After isothermal aging process at 150°C and for 24hrs up to 720hrs, the thickness of IMC is increasing from 3.0µm to 7.2µm and the growth kinetics which was determined is 1.16x10 
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